INTRODUCTION
In recent years many promising compositions have been identified in the nickel-chromium-aluminum (Ni-Cr-Al) system for use in application requiring a high degree of high-temperature corrosion resistance.
Such applications have included coatings for many types of alloys (ref. 1) and as the matrices for oxide dispersion-strengthened alloys (ref. 2) .
Recently a program was initiated at NASA-Lewis to determine the optimum compositions wi&, the best balance of cyclic oxidation and hot corrosion resistance, tensile properties, ductility, and strategic element content. In pursuit of this objective an investigation was completed (ref. 3) wherein nickel-rich alloys in the Ni-Cr-Al system were evaluated for their cyclic oxidation resistance in still air at 11000 and 12000 C. A first approximation oxidation attack parameter was derived which was related to the Cr and Al content by a multiple linear regression analysis. The resultant equations were translated into contour diagrams showing regions with minimum oxidation attack. This paper is the 2nd step in the overall program. The same alloys as were used in reference 3, were examined in this study for their hot corrosion resistance by cyclically oxidizing sodium sulfate (Na2SO4) coated specimens in still air at 900 0 , 10000, and 11000 C. The compositions tested we. •e within the ternary region: N; Ni-50Cr and Ni-50A1 (all compositions are given in atomic percent in this paper). A limited number of alloys were coated with Na2SO 4 containing 10 weight percent sodium chloride (NaCl) in order to determine the effect of NaC1 on the corrosion process. The extent of the corrosion was determined by the specimen's net weight change, the maximum depth of attack, and by the weight of its spalls.` The maximum depth of attack data, being the least ambiguous measure of the corrosion, were related to Cr and Al content at each temperature by a multiple linear regression analysis.
The resultant third order regression equations were translated into } corrosion isopleths which indicated compositional regions of minimum attack. The corrosion contours from this study were compared to those from reference 3 for oxidation resistance and regions of simultaneously good oxidation and hot corrosion resistance were identified.
MATERIALS
All of the alloys specifically prepared for this program were vacuum melted in zircoma (ZrO 2 crucibles and cast in zirconia shell molds.
The zirconium (Zr) pickup of up to 0.6 weight percent was detected.
Each mold consisted of a tree of ten 2.5 by 5.1-by 0.25-centimeter coupons, each with its own riser. For each coupon used the risers were removed and analyzed by atomic absorption for chromium and aluminum. The composition of these alloys are given in All the specimens used in this investigation were glass-bead blasted, ultrasonically cleaned in alcohol, and weighed prior to testing. Metallographic examination of the as -cast materials revealed four general types of structures. Figure 1 (a) is a single-phase structure typical of y-nickel solid solution, of y' (Ni 3A1), and of (NiAI).
: Figure 
PROCEDURES Test Procedures
Prior to testing sample dimensions were measured and in particular the thickness was measured to a precision of f1 micrometer. Prior to exposure in the furnace, samples were coated with 1 mg/cm of Na2SO4, or in some cases 1 mg/cm2 of the mixture Na 2SO4 + 10 weight percent NaCl. Application of the salt coating was accomplished by heating a weighed sample on a hot plate set at about 200 0 C and spraying one side with a saturated solution of salt using an airbrush. The sample was then cooled and weighed to check for the correct amount of salt deposition. The ,same procedure was used to coat the other side of the specimen. The samples were then ready for the cyclic specimen furnace which has been described in detail in reference 6. Samples were thermally cycled to allow one hour at temperature and a minimum of 40 minutes cooling in static air. A typical temperature profile is shown in figure 3 . Su. , in ples reached the highest test temperature in less than 2 minutes after insertion into the furnace and cooled to ambient temperature in less than 20 minutes after removal from the furnace. Samples 0 of each alloy were exposed for 100 cycles at 900, 10000 , and 11000 C.
Weight change was determined at regular intervals throughout the test.
At the conclusion of the furnace testing the accumulated spall for each sample was weighed and examined by x-ray diffractimt. Each corroded sample was also examined by x-ray diffraction and by metallography.
The thickness of the alloy visibly unaffected by the corrosion attack was measured on metallographically prepared cross-sections with a microscope cathetometer at a magnification of 100X. The original thickness minus the above measurement all divided by two then is defined here as the maximum depth of penetration of the corrosion attack.
Statistical Procedures
A digital computer program, NEWRAP, reference 7 was used to perform the regression analyses. A two independent variable polynomial model was apriori judged as suitable for this data. The dependent variable was the maximum depth of corrosion, D, and the two independent variables were C and A, the atomic percent concentrations of chromium and aluminum respectively in the alloy. The approach was to begin with a first order polynomial and to go to higher order equations if necessary. The decision as to which order polynomial provided the best fit was judged from the fraction of total variation (total sum of squares) accounted for by a particular regression equation In corrosion studies of this type the dependent variable (in this case the maximum depth of attack, D) usually has the same relative error over a wide range of values. This situation requires the dependent variable to be transformed to the logarithm of the variable. The process is termed homogenizing the error variance.
RESULTS

Measure of Corrosion
The extent of corrosion was measured by the net specific weight (1) Alloys with relatively little weight change.
'(2) Alloys with substantial weight gains.
(3) Alloys with substantial weight losses.
A complete _set of the corrosion data is presented in tabular form in table II where the temperature dependence for each alloy is readily discernable. Thus at 9000 C only alloy 17 spalled (and then but slightly) while many samples spaded at 1100 0 C. Comparing the last two columns of table II, specific net weight change and specific weight of accumulated spall, a negative weight change in the former column ought to be accompanied by a nearly equal weight of spall in the latter column.
A fair comparison is observed in this respect for most of the alloys r with the notable exception of alloys 22 and 23. For these two alloys there is a large net weight loss but no detectable spall. Since a spall shield surrounded the specimens when they were cooling, a large fraction of the spall should have been collected even if the specimens spalled exposively. Thus it must be assumed these two specimens had spalled either at temperature or while being raised out of the furnace.
X-ray Diffraction And Metaiiography
After the furnace exposure both the retained and the spalled oxides were identified by x-ray diffraction. These oxide phases are listed in table III. With but few exceptions all specimens formed multi-oxide phases. Figure 5 Based upon the data collected in this study, a mutiple linear regression analysis was used to identify the "best" compositions in the Thus sodium sulfate (or perhaps more correctly its reacted products) ought to be present throughout most of the 100 hours duration of these tests.
Sodium Chloride Effect
prepared specifically for this program were melted in zirconia crucibles and were not annealed. No significant preparation effect could be detected for the 9000 C data, i. e= , there was not a significant rise in R2 or lowering of the standard error of estimate. Only a small effect could be detected for the 10000 C data. But at 1100 0 C a marked difference was detected. The statistical data and the regression equations are listed in table V(d). Figure 9 (a) and (b) are the resultant corrosion isopleths. Figure 9 (a), where the dummy variable was set to zero, applies to alloys melted in Al20 3 crucibles and annealed. 
